
"Improvements relating to Smoking Articles and Wrapper Materials therefore
" This invention relates to smoking articles, particul- arly but not
exclusively cigarettes, and wrapper material therefor. Increased attention
has been paid of late to reduction 5 of the sidestream smoke which is
emitted from cigarettes while smouldering between puffs. A.determinantof
the side- stream generation of a cigarette is the burn rate of the
cigarette during the smoulder periods between puffs. Thus, by employing
papers which give low cigarette burn rates, LO sidestream generation can be
reduced.  As is know to those skilled in the art, the burn rate of
cigarette paper is re- lated to the inherent permeability thereof. The
lower the permeability, the lower, generally speaking, is the burn rate.
Consequently., in order to obtain low rates of side- 15 stream emission,
resort may be had to papers of low perm- eability value. Currently the
lowest permeability value of cigarette paper used in conventional cigarette
production is about 5 Coresta Units, because attempts to use lower
permeabilities 20 have resulted in the cigarettes failing to remain alight
if left to smoulder for even a short time. The present invent- ion is
predicated upon the discovery that paper wrappers having significantly
lower permeability values can be used, while acceptable
combustion-sustaining characteristics of 25 the smoking articles can at the
same time be retained, if paper is selected for which the ratio of the
coefficient ([ERR]) of diffusion of oxygen through nitrogen in the paper
and  



-2- the thickness (t) hereinafter referred to as D /t value of the paper
satisfies specified requirements. The diffusion coefficient, or
diffusivity, of a gas in a binary gas mix- ture is defined as tHe amount of
gas passing in unit time 5  across a plane of unit area when the
concentration gradient is unity.  Gases diffuse more slowly when the
diffusion is by way of porous solids such as paper than through the un-
restricted gas phase. The diffusion coefficient of gases *      through
paper is measured by a method described by Drake et 10  al, and published
in the International Journal of Heat and Mass Transfer, 1980, Volume 23,
pages 127-134.  If the dif- fusion coefficient is quoted in the units cm
sec l and paper thickness in cm, then the ratio D /t has the units cm
[ERR].  Suitably the diffusion coefficient is stipulated 15 in relation to
oxygen but it could be correspondingly stip- ulated, for purposes of
convenience of measurement, in terms of another gas. The air permeability
of a paper is expressed,.in Coresta Units, as the amount of air in cubic
centimetres which 20  passes through one square centimetre of the paper in
one minute at a constant pressure difference of 1.0 kilopascal. Inherently
porous cigarette paper consists of an inter- locking network of fibres,
usually substantially wholly or mainly cellulose fibres, interspersed with
particles of a 25  filler, chalk for example.  Openings in this
fibre/filler matrix are of the order of 1 [ERR] wide.  



-3- This is small compared to the paper thickness (usually 20 to 40 pm) and
the flow of air through these openings in the paper is governed by viscous
forces.  However, when cigar- ette paper is perforated after the
paper-making process, by 5 an electrostatic or mechanical process for
example, the perforation holes are relatively large, usually having mean
diameters of the same order of magnitude as the paper thick- ness.  The
flow of air through these perforation holes is governed by inertial forces.
10       The total flow through perforated cigarette paper thus consists of
two components, namely flow governed by viscous forces through the porous
structure of the paper inherent from the paper-making process, and inertial
flow through the perforation holes.  The total flow through perforated
paper 15  may be expressed by: Q   ZAP:+[ERR] Where     Q is the air flow
([ERR]) A is the area of paper (cm2) exposed to the flowing air, 20
P is the pressure difference across the paper (kilopascal), Z is the
permeability of the paper, governed by viscous forces through the openings
inherent from the paper-making process in Coresta Units 25
(cm min1 kilopascal1), Z'  is the permeability of the paper due to inertial
flow through the perforation holes 



([ERR])    -4 _ and        n is a constant for a given set of perforation
holes, where 0.5[ERR] n[ERR] 1.0.  The exact value of n depends on the size
of the perforation holes in the paper. 5      From the above equation, the
"total permeability" of perforated cigarette paper is equal to (Z + Z').
The re- lative values of Z and Z'  for agiven perforated paper can be
obtained by measuring the flow through the paper at a series of pressures
across the paper, and numerically regressing 10 the Q/P- data in the above
equation, using a value of n in accordance with the mean size of the
perforation holes in the paper. The present invention provides a smoking
article, a cigarette for example, comprising a rod of smoking material 15
wrapped in a wrapper of which the air permeability governed by viscous
forces is substantially uniform and is, not more than 3 Coresta Units and
of which the D0/t value is, substantially, in the rane of 0.08 to 0.65 cm
-_1 sec 20      Preferably the wrapper having air permeability and D /t
values satisfying the above-stated physical limitations, consists of a
single layer of paper.  Advantageously the D /t value is not mote than 0.25
cm sec   and not less than 0.15 cm sec 



25      Also, in accordance with the invention, a smoking-art- icle wrapper
material, preferably in the form of a single layer of paper, has an air
permeability governed by viscous forces    -5- which is, substantially, not
more than 3 Coresta Units and a D /t value which is, substantially, in the
range of 0.08 to 0.65 cm [ERR]. If the wrapper contains large holes and the
resistance 5  to air flow through the wrapper is thus due to inertial as
well as viscous forces, it may be that the overall permea- bility is more
than 3 Coresta Units, but the permeability governed by viscous forces
should not be more than about 3 Coresta Units.  The air permeability of the
wrapper govern- 10  ed by viscous forces is preferably not more than 2
Coresta Units and conveniently it is about 1 Coresta Unit.  The
permeability of the wrapper governed by viscous forces should be uniform in
the sense that the permeability of the paper used to form the wrapper when
measured at any selected zone 15  thereof is the same as that as measured
at any other zone thereof.  Suitably the desired permeability of the paper
wrapper governed by viscous forces is provided as an inherent property of
the paper resulting from the paper-making process. 20       A minimum
acceptable D /t value within the range of -l about 0.08 to about 0.65 cm
sec   will depend to a limited 



extent on a number of design factors of the smoking article, the type and
form of the tobacco or other smoking material and the diameter of the
smoking material rod for example. 25       The rate of production of
sidestream Total Particulate Matter (TPM), i.e. the sidestream TPM delivery
per cigar- ette divided by the time over which the cigarette is smoked,
correlates with amount of visible sidestream smoke which    -6- is observed
issuing from' the cigarette.  For commercial cigarettes having conventional
cigarette papers, the rate of production of sidestream TPM is greater than
about 3.0 mg min  .  In the case of cigarettes made in accordance with the
present invention., it is possible to obtain values *              of 2.0
mg [ERR]  or less. Cigarettes may be made in accordance with the present
invention which exhibit a reduction of 40% or even 60% or more in total
sidestream TPM delivery compared, on an equal puff-number basis, with
comparable cigarettes having conventional cigarette papers. The deliveries
of other sidestream-smoke components, carbon monoxide and carbon dioxide
for example, are also reduced by use of the invention. Cigarettes embodying
the invention have a static burn rate lower than that of conventional
cigarettes.  However, by selection of relevant design variables, cigarettes
may readily be provided which remain lit when smoked at one puff per
minute. Thus the cigarettes in accordance with the invention not only have
the advantage of low sidestream- 



smoke production, but they may also be such as to self- extinguish when
left to smoulder for a prolonged period. The wrapper material may include
chemical additives or fillers.  Chemical additives may be included, at a
load- ing of 0.5% to 4%, to provide required ash and/or smoulder char-
acteristics.  Suitable additives are phosphates, mono-ammonium or disodium
phosphate for example, citrates, sodium or potassium citrate for example,
tartrates, formates ,    -7- lactates and acetates.  Appropriate fillers
are titanium dioxide, magnesium oxide and calcium carbonate. The invention
will now be further explained, by way of example, with reference to four
forms of cigarette A, B, C and D, in accordance with the invention and, by
way of comparison, with reference to three forms of cigarette of
conventional design E, F and G. Details for the cigarette papers of the
cigarettes A-G are given in Table 1. 10                            TABLE 1
Cigarette   Permeability           [ERR]           [ERR] (Coresta Units)
(cm sEC) (cm)   sec A              0.7            0.00032   0.0030    0.11
B              1.0            0.0010    0.0040    0.25 C              1.5
0.0021    0.0035    0.60 D              3.0            0.00070   0.0030
0.23 E and G          25              0.0070    0.0040    1.75 F
50              0.0125    0.0039    3.21 



Each of the cigarettes B., C, E and F comprised a tobacco rod 59 mm long
and of 24.75 mm circumference attached 20      to a 25 mm long
cellulose-acetate filter.  The tobacco blend and the filter specification
were the same for each of these cigarettes. The cigarettes A, D and G were
plain cigarettes having a tobacco-rod length of 70 mm and a    -8-
circumference of 25 mm.  The filter cigarettes were smoked to tobacco-rod
butt lengths of 8 mm and the plain cigarettes to butt lengths of 23 mm
under standard smoking conditions of a puff of 35 cubic centimetres volume
and 2 seconds duration every minute to determine mainstream and side-
stream deliveries of TPM and nicotine. The results are given in Table 2.
TABLE 2 Mainstream             Sidestream Puff 10        Cigarette      TPM
Nicotine      TPM       Nicotine  No. (mg/cig)   (mg/cig)   (mg/cig)
(mg/cig) A         40.8       .2.30        17.6        2.04    15.0 B
26.4        1.56        20.6        2.73    19.1 C         22.2        1.49
21.7        2.60   16.1 D         37.7        2.00        21.2        2.11
12.3 E         16.0        1.31        34.0        4.58    11.7 F
15.3        1.21        31.9        4.30    11.3 G         26.7        1.70
27.6        3.60      9 20            As may be seen from Table 2 the
cigarettes B and C 



exhibited sidestream deliveries of TPM and nicotine which were considerably
lower than the corresponding deliveries of the cigarettes E and F of
conventional design.  Moreover, the cigarettes B and C smoked with
considerably higher puff numbers than those of the cigarettes E and F,
while at the same time having acceptable combustion sustaining    -9-
characteristics.  Similarly the cigarettes A and D had higher puff numbers
than the plain control cigarettes G. Table 3 shows percentage reductions of
sidestream smoke-component deliveries for plain cigarettes A and D as
compared with control cigarettes having conventional cigarette papers, the
puff numbers being equal for the test and control cigarettes. TABLE 3
Cigarette    TPM    Nicotine    PMWNF    CO    [ERR] 2 10              A
62        66          61      57    40 D         44         57         41
41    32 PMWNF is an abbreviation for "particulate matter water and
nicotine free". The rates of sidestream TPM production for cigarettes A and
D were determined and found to be 1.3 and 1.9 mg min 1 respectively. The
enhanced puff-number phenomenon noted in relation to Table 2 can be
utilised to reduce the deliveries per cig- arette by reducing the quantity
of tobacco in each tobacco rod 



20       while providing the smoker with a puff number in the puff-number
region to be experienced with conventional cigarettes. Thus if the burn
length of cigarette B is reduced from 51 mm to 30mm, that is to say the
total tobacco rod length is reduced from 59 mm to 38 mm, the puff number
will be reduced from 19.1 to    -10 - 11.3, i.e. to the puff number value
of conventional cigarette F. This would result in reduced sidestream
deliveries of 12.1 mg TPM and 1.61 mg Nicotine. Similarly, the puff number
of cigarette C could be reduced from 16.1 to 11.3 by reducing the burn
length from 51 mm to 36 mm, resulting in reduced sidestream deliveries of
15.3 mg TPM and 1.84 mg Nicotine.  For both of the reduced burn length
cigarettes B and C. the mainstream TPM deliveries would approximate to that
of the cigarette F. It is contemplated that the 10      invention can be
usefully applied with tobacco-rod lengths in the range of 25 to 55 mm. As
will be appreciated, the use of a wrapper in accordance with the invention
provides the designer of smoking articles, particularly cigarettes, with a
valuable tool for controlling sidestream deliveries, whether consider- ed
absolutely or relatively and/or in conjunction with mainstream deliveries,
in order to obtain acceptable smoking articles having combinations of
smoking properties not obtainable or not readily obtainable heretofore,
this more- 20      over by relatively simple means not involving essential
departures from current manufacturing methods or incurring 



unacceptable drawbacks such as poor combustion-sustaining characteristics.
CLAIMS 1..  A smoking article comprising a rod of smoking material wrapped
in a wrapper of which the air permeability governed by viscous forces is
uniform and is, s              not more than 3 Coresta Units and of which
the [ERR] value is 5  as hereinbefore defined in the range of 0.08 to 0.65
cm sec 2.   A smoking article according to Claim 1, wherein the [ERR] value
of the said wrapper is not lower than 0.15 cm 0 [ERR] and.not more than
0.25 cm [ERR]. 10  3.   A smoking article according to Claim 1 or 2,
wherein the said wrapper is a paper wrapper. 4.   A smoking article
according to any one of Claims 1 to 3, wherein the said air permeability is
not more than 2 Coresta Units. 15  5.   A smoking article according to any
one of Claims 1 to 4, wherein the length of the said rod of smoking
material is within a range of 25 to 55 mm. 6.   A smoking article according
to any preceding claim and wherein the rate of production of sidestream TPM
in the 20  smoking of the said article is not more than 2 mg [ERR] 7.   A
smoking article according to any preceding claim and which, when smoked,
exhibits a sidestream TPM delivery reduction of 40% or more compared, on an
equal puff-number 



-12- basis, with a comparable cigarette having a conventional cigarette
paper. 7 8.   A smoking article according to Claim 7 and  wherein the said
sidestream TPM delivery reduction is 60% or more. 5  9.   A cigarette
substantially in accordance with cigarette A, B, C or D as hereinbefore
described. 10.  A smoking-article wrapper material of which the air
permeability governed by viscous forces is not more than 3 Coresta Units
and of which the D /t value as hereinbefore -l 10 defined is in the.range
of 0.08 to 0.65 cm sec . 11. A wrapper material according to Claim 10,
wherein the D /t value is not lower than 0.15 cm sec    


